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(57) Abstract 



A semiconductor device for producing an indicator in response to a stimulus is disclosed. The semiconductor device includes two 
electrodes, each electrode affixed to a separate substrate. A polymer solution layer is sandwiched between the two electrodes. When 
a voltage is applied across the two electrodes, current flows between the two electrodes and through the polymer solution layer, which 
produces luminescence. Pure polymer solutions or gels, polymer solution/organic dye blends, and small organic molecules may be used to 
produce luminescence at a paricular color and brightness. 
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PROCESS FOR GENERATING LUMINESCENCE EMISSIONS 
FROM POLYMER SOLUTIONS, GELS, AND LIQUID POLYMERS 
5 IN A COMPACT CELL CONFIGURATION, AND DEVICE 

EMPLOYING SAME 



Cross-Reference to Related Applications 

10 Embodiments of the present invention relate to Provisional Application Serial No. 

60/108,783, filed November 17, 1998. The contents of this application are incorporated 
by reference herein. 



Background of the Invention 

1. Field of the Invention 

15 The present invention relates, generally, to polymer electro-generated luminescent 

devices, and in particular embodiments, to methods for generating luminescence emissions 
from conjugated polymer solutions, gels, and liquids in a compact cell configuration, and 
devices employing the same. 

2. Description of Related Art 

20 Inorganic semiconductors, such as silicon and gallium arsenate, are often used to 

produce modern semiconducting and photonic devices. The processing of these inorganic 
semiconductor devices can be complicated and costly, and typically includes process steps 
such as the growing of crystals, the slicing and polishing of wafers, and building of 
integrated electronic circuits on the wafer. By comparison, conventional polymers 

25 (sometimes referred to as plastics) are relative easy to process. For example, the 

fabrication of traditional plastic parts may include relatively simple process steps such as 
the injection of molten plastic material into molds. Polymers are also flexible, lightweight, 
and can be fabricated over large surface areas. However, conventional plastics are not 
semiconducting, and are therefore unsuitable for the fabrication of semiconductor devices. 
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Conjugated polymer is an organic material that combines the electrical and optical 
properties of semiconductors and the processability of conventional plastics. The 
semiconducting properties of conjugated polymers originate from the delocalized pi orbitals 
formed in carbon containing compounds, such as po!y(phenylenevinylene), polythiophene 
(PT), and poly(2-methoxy-5-(2 , -ethyl-hexyloxy)-l,4-phenylene vinylene) (MEH-PPV). 
Unlike conventional polymers, conjugated polymers contain double bonds which make the 
material semiconducting rather than insulating. Conjugated polymers retain the low-cost 
processing benefits, flexibility, light weight, and large-scale producibility of conventional 
polymers and the general semiconducting characteristics of silicon. 

Conjugated polymer devices are typically solid-state devices fabricated by spin- 
coating. A typical polymer LED consists of a thin film of a luminescent conjugated 
polymer sandwiched between an anode and a cathode, on top of a transparent glass 
substrate. Indium tin-oxide (ITO) is most frequently used as the anode. It has the desirable 
properties of being conductive with a relatively high work function, and optically 
transparent. Calcium (work function $ = 2.9eV), aluminum (<|> = 4.3eV), or 
magnesium/silver alloy (<|> = 3.7eV) are often used as the cathode. On the application of a 
suitable bias, electrons and holes are injected from the cathode and the anode respectively 
into the polymer. Some of the injected carriers subsequently undergo radiative 
recombination within the polymer thin film with the resulting release of energy in the form 
of an electroluminescence emission. 

Another class of organic semiconducting materials is the class of conjugated small 
organic molecules. Conjugated organic compounds (organics) are defined herein to include 
polymers and small organic molecules (organics comprised of single molecules). Small 
organic molecules share similar physical (electronic and optical) properties with conjugated 
polymers, but utilize somewhat different processing techniques. Organic molecules are 
usually processed using thermal sublimation at ultra high vacuum environments to form 
desired thin films, with a typical thickness of about 100 nm. Organic molecules often use 
device structures similar to those used with conjugated polymers, i.e. organic thin films 
sandwiched between two electrodes. Solid-state small molecular organic LEDs (OLEDs) 
have been commercialized by Pioneer in automobile audio systems. 

In addition to solid state organic and polymer devices, another class of device 
utilizes organic dye solution as the luminescence active medium. There are two formats of 
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such devices known in the art: the closed-cell and circulated-cell configurations. The 
active media were organic dye molecules dissolved in organic solvents, and it has been 
demonstrated that electrogenerated chemiluminescence (ECL) was responsible for the 
generation of the light. Others skilled in the art have reported the observation of 
electrically pumped laser action from a circulation cell employing an organic dye solution 
inside a resonant cavity. However, the disadvantage of using organic dye solution is the 
self-quench effect caused by high concentrations of dye solutions. It has been observed 
that most organic dyes have high photoluminescence efficiency when the concentration of 
dye solution is low. However, when the concentration is high, the photoluminescence (PL) 
efficiency decreases dramatically, and the PL efficiency is nearly zero when the dye is in a 
solid format. Due to polymer conformation, this PL quench effect is not as significant in 
the conjugated polymers as in the organic dyes. Hence, one is able to apply a very high 
concentration of polymer solutions or polymer gels to the polymer solution device. The 
high concentration solutions and gels have several advantages, including: (1) the ability to 
carry a much higher current density, thus achieving a much brighter device, and (2) 
overlap polymer chains for achieving higher carrier mobility. In addition, different 
functional side groups could be attached to the polymer structure for achieving desired 
physical, electrochemical, and other effects. 



Summary of the Disclosure 

Therefore, it is an advantage of embodiments of the present invention to provide a 
device and method for generating luminescence emissions from conjugated polymer 
solutions, gels, and liquids (polymer liquid or liquid is defined as polymers with a low 
melting point that is liquid at room temperature and therefore does not require an organic 
solvent) in a compact cell configuration (which covers circulating or closed cells) that is 
simple, low cost, and time-efficient. 

It is a further advantage of embodiments of the present invention to provide a device 
and method for generating luminescence emissions from conjugated polymer solutions in a 
compact cell configuration that has higher intrinsic florescence efficiency and higher 
quantum efficiency than solid polymer material, which results in power savings. 

It is a further advantage of embodiments of the present invention to provide a device 
and method for generating luminescence emissions from polymer solutions in a compact 
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cell configuration that is self-illuminating as compared to liquid crystal displays (LCDs), 
and whose fabrication process is similar enough to that of LCDs that manufacturing 
facilities currently making LCDs can easily be converted into state-of-the-art polymer 
solution LED (SLED), gel LED (GLED) and liquid LED (LLED) manufacturing facilities. 

It is a further advantage of embodiments of the present invention to provide a device 
and method for generating luminescence emissions from polymer solutions, gels, and 
liquids in a compact cell configuration over a large area with high reliability and reduced 
likelihood of pin-hole formation. 

It is a further advantage of embodiments of the present invention to provide a device 
and method for generating luminescence emissions from polymer solutions, gels, and 
liquids in a compact cell configuration within a self-encapsulated device that does not 
require a capping layer and that can be edge-sealed by the drying of excess polymer 
solution. 

It is a further advantage of embodiments of the present invention to provide a device 
and method for generating luminescence emissions from polymer solutions in a compact 
cell configuration within a transparent device that can be vertically stacked to achieve 
multi-color displays with high resolution. 

These and other advantages are accomplished according to a semiconductor device 
for producing an indicator in response to a stimulus. The semiconductor device includes 
two electrodes, each electrode affixed to a separate substrate. A layer of polymer solution, 
gel or liquid is sandwiched between the two electrodes. When a voltage is applied across 
the two electrodes, current flows between the two electrodes and through the polymer 
solution layer, which produces luminescence. Pure polymer solutions, gels, or liquids, 
polymer solution/organic dye blends, and small organic molecules may be used to produce 
luminescence at a particular color and brightness. 

These and other objects, features, and advantages of embodiments of the invention 
will be apparent to those skilled in the art from the following detailed description of 
embodiments of the invention, when read with the drawings and appended claims. 

Brief Description of the Drawings 

FIG. 1 is a side view of a closed SLED structure according to an embodiment of the 
present invention. 
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FIG. 2 is a graph illustrating the absorption, photoluminescence, and emission 
spectra of SLED using MEH-PPV solution as the active material according to an 
embodiment of the present invention. 

FIG. 3 is a graph illustrating the absorption, photoluminescence, and emission 
spectra of SLED using BDOH-PF solution as the active material according to an 
embodiment of the present invention. 

FIG. 4 is a graph illustrating the current-brightness-voltage curves for the SLED 
using MEH-PPV solution as the active material according to an embodiment of the present 
invention. 

FIG. 5 is a graph illustrating the current-brightness-voltage curves for the SLED 
using BDOH-PF solution as the active material according to an embodiment of the present 
invention. 

FIG. 6 is a graph illustrating the semi-log plot of the I-L-V curves of a GLED 
according to an embodiment of the present invention. 

FIG. 7 is a graph illustrating the semi-log plot of the I-L-V curves of a GLED with 
the addition of salt according to an embodiment of the present invention. 

FIG. 8 is a graph illustrating the current-brightness- voltage curves for the SLED 
using MEH-PPV:DCM solution as the active material according to an embodiment of the 
present invention. 

FIG. 9 is a graph illustrating the current-brightness-voltage curves for the SLED 
using BDOH-PF:DCM solution as the active material according to an embodiment of the 
present invention. 

FIG. 10 is a graph illustrating the semi-log plot of the I-L-V curves of a SLED blend 
with liquid crystals according to an embodiment of the present invention. 

FIG. 1 1 is a graph illustrating the I-V-L curves of SLEDs using BDOH-PF as the 
active medium with and without buffer layers according to an embodiment of the present 
invention. 

FIG. 12 is a side view of a vertically stacked transparent SLED according to an 
embodiment of the present invention. 

FIG. 13 is an exploded perspective and side view diagram of one possible method to 
construct a multicolor display from SLEDs wherein the partition of multicolor SLEDs is 
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achieved through the patterning of photoresist or other means according to an embodiment of 
the present invention. 

FIG. 14 is a side view diagram of the SLED of FIG. 13 according to an embodiment 
of the present invention. 



Detailed Description of Preferred Embodiments 

In the following description of preferred embodiments, reference is made to the 
accompanying drawings which form a part hereof, and in which is shown by way of 
illustration specific embodiments in which the invention may be practiced. It is to be 
understood that other embodiments may be utilized and structural changes may be made 
without departing from the scope of the preferred embodiments of the present invention. 

Conjugated polymer is an organic material that combines the electrical and optical 
properties of semiconductors and the processability of conventional plastics. Conjugated 
polymers retain the low-cost processing benefits, flexibility, light weight, and large-scale 
producibility of conventional polymers and the general semiconducting characteristics of 
silicon. For purposes of the following description, references to polymer should be 
understood to mean conjugated polymer. 

In embodiments of the present invention, luminescence emission is generated from 
polymer solutions in a compact polymer solution cell configuration. FIG. 1 illustrates a 
polymer solution light-emitting device (SLED) 10 comprising a thin layer of a polymer 
solution or gel 12 sandwiched between two indium tin oxide (ITO)/glass substrates 14 in a 
closed-cell configuration with the thickness of the solution layer ranging from 1 to 2 |im 
according to a preferred embodiment. It should be noted that although not illustrated in 
FIG. 1, in alternative embodiments GLEDs and LLEDs may be fabricated with a similar 
structure. In addition to the closed cell, a circulating cell may be realized by attaching a 
reservoir to the cell, the solution reservoir having two tubes, one which acts as an inlet for 
the solution and another which acts as an outlet. 

When biased, the device 10 turns-on near thebandgap energy and emits 
luminescence 16. The luminescence emission spectra are consistent with the 
photoluminescence spectra obtained from the polymer solution 12, and are a product of the 
electrochemiluminescence effect. In alternative embodiments. SLEDs 10 can be fabricated 
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as transparent emissive devices when both electrodes 18 and substrates 14 are transparent 
materials. 

The emitting efficiency of a light-emitting device is proportional to its intrinsic 
florescence efficiency. Polymer solutions 12 have higher intrinsic florescence efficiency 
than solid polymer material. In addition, polymer solutions 12 can yield higher quantum 
efficiency (the number of electrons converted into photons) than solid polymer material. 
The improvement in efficiency realized by SLEDs 10 translates into power savings, an 
advantage especially important for portable devices such as laptop computers. Also, 
portable devices often use liquid crystal displays (LCDs), which require a lamp for 
illumination. Because SLEDs 10 are self-illuminating, no lamps are required. 
Furthermore, because the fabrication of LCDs, which comprise liquid crystal material 
sandwiched by two electrodes attached to glass plates, is so similar to SLED fabrication, 
manufacturing facilities that currently make LCDs can easily be converted into state-of-the- 
art SLED manufacturing facilities. 

In preferred embodiments of the present invention, the polymer solution preparation 
process is performed in a nitrogen environment. In preferred embodiments, polymer 
solutions 12 such as poly(phenylene vinylene) (PPV) derivatives or polyfluorene (PF) 
derivatives may be employed. One PPV derivative that may be used in a alternative 
embodiment is poly(2-methoxy-5-(2'-ethyl-hexyloxy)-l,4-phenylene vinylene) (MEH- 
PPV), and one polyfluorene derivative that may be used in an alternative embodiment is 
polyt9,9-bis(3,6-dioxaheptyl)-fluorene-2,7-diyl] (BDOH-PF), prepared in concentrations 
ranging from OA m % to 20 wt % . 

The molecular weight of the polymers described above covers a range from less 
than 10,000 to higher than 1 million. It should be noted, however, that other luminescent 
nanocrystals, oligomers (polymer with small repeat units), and conjugated polymers and 
their blends also fall within the scope of the present invention. The solvents used to 
dissolve these polymers are cyclohexanone, dichloro-benzene, and xylene; however, other 
organic solvents are also possible. In addition to the solution format, it is also possible to 
process the polymers into gel formats (polymer gel is a high concentration polymer solution 
such that the polymer forms a interpenetrated network) or liquid polymer formats (polymer 
with a low melting point that is liquid at room temperature and therefore does not require 
an organic solvent) for the polymer SLED 10. 
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For purposes of example and illustration only, FIGs. 2 and 3 are graphs of the 
absorption (Abs) 20, photoluminescent (PL) 22, and electroluminescent (EL) 24 spectra for 
a typical SLED 10 made of MEH-PPV and BDOH-PF solutions 12 ? respectively, 
according to embodiments of the present invention. For purposes of example and 
5 illustration only, FIGs. 4 and 5 are graphs of the current-voltage (I-V) curve 34 and light- 
voltage (L-V) curve 36 for a typical SLED 10 made of MEH-PPV and BDOH-PF solutions 
12, respectively, according to embodiments of the present invention. The I-V curves 
indicate that significant charge injection occurs around 2 volts (see reference character 26) 
and 3.5 volts (see reference character 28) for MEH-PPV and BDOH-PF respectively, 
10 which is consistent with the bandgap energy of these two polymers. The bandgap energy is 
taken as the measured energy of the edge of the absorption spectra, which is consistent 
with the values obtained from the difference of oxidation and reduction potentials of these 
materials. However, the voltage for the onset of photon emission is around 3 volts (see 
reference character 30) and 6 volts (see reference character 32) for MEH-PPV and BDOH- 
15 PF respectively, which is higher than that required for the injection of electrical current. 
FIG. 6 is a graph illustrating the semi-log plot of the I-L-V curves of a GLED 
according to an embodiment of the present invention. It should be noted in FIG. 6 that 
current saturates at voltages higher than 6 volts (see reference character 50). For purposes 
of comparison, FIG. 7 is a graph illustrating the semi-log plot of the I-L-V curves of a 
20 GLED with the addition of a very small amount of salt according to an embodiment of the 
present invention. A comparison of FIGs. 6 and 7 demonstrates that the addition of salt 
significantly enhanced charge injection at low voltages. However, current still saturates at 
voltages higher than 3 volts (see reference character 52). 

The operating mechanism of the SLED 10 is due to electrogenerated 
25 chemiluminescence (ECL). For BDOH-PF, the onset of charge injection in the SLED 10 
at 3.5 volts is indicative of the initiation of the oxidation and reduction process of BDOH- 
PF. ECL involves the movement of the electrically charged molecules under the influence 
of the applied electrical field. When biased, some of the molecules are oxidized near the 
anode side and some of them are reduced near the cathode side. Under the influence of the 
30 applied electric field, the oxidized molecules migrate toward the cathode while the reduced 
molecules migrate toward the anode. The photons are generated by the radiative 
recombination of the encountering oppositely charged molecules. Although the conjugated 
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polymers used in SLEDs 10 have a high molecular weight, the motion of the molecules is 
not significantly hindered. However, the delay of photon emission observed in the L-V 
curve is due to the higher field required to enable the migration of the charged polymer 
from one electrode to the other. 

In addition to the pure polymer solutions 12 described above, in alternative 
embodiments the polymer solution 12 may be blended with other polymers such as, but not 
limited to, liquid crystal compounds, or organic dye (DCM) which may either change the 
emission color of the device or enhance the charge injection and transport capability. For 
purposes of example and illustration only, the I-V curve 38 and L-V curve 40 of the 
SLEDs 10 using solutions of MEH-PPV:DCM and BDOH-PF:DCM are shown in FIGs. 8 
and 9 according to embodiments of the present invention. The concentration of dye may be 
adjusted. to obtain the highest device performance. In further alternative embodiments, the 
polymer solution 12 may comprise small organic molecules such as Almq3 (tris(4- 
(dicyanomethylene)-2-methyl^-(4-dimethylaminostyryl)-4H-pyran) at concentrations of 1 % 
to 20% to enhance the device performance. FIG. 10 illustrates the I-V curve (see 
reference character 58) and L-V curve (see reference character 60) of MEH-PPV blended 
with liquid crystal (LC) according to an embodiment of the present invention. 

In other alternative embodiments of the present invention, a (porous) buffer 
polymer or organic layer is pre-coated onto at least one of the ITO electrodes, and the 
polymer solution 12 is then diffused into this buffer layer. A buffer polymer or organic 
layer, as defined herein, is a layer coated on the surface of the electrode which prevent the 
electrode from reacting (chemically or electrochemically) with polymer solutions, gels, and 
liquids. In addition, this buffer layer might enhance the charge injection. The advantage 
of using a buffer layer is to stabilize the polymer solution 12 and prevent it from 
vaporizing, while preserving the high mobility of polymer molecules. FIG. 11 shows the 
comparison of two SLEDs (devices A and B) with and without buffer layers according to 
embodiments of the present invention. FIG. 1 1 is a graph illustrating the I-V-L curves of 
SLEDs using BDOH-PF as the active medium. Device A (see reference character 54) 
utilized ITO/PEDOT and ITO/Alq3 bilayer electrodes as the anode and the cathode. 
Device B (see reference character 56) utilized Pure ITO electrodes as the anode and the 
cathode. 
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In preferred embodiments, the fabrication of SLEDs is performed in a nitrogen 
environment. Electrode material is first deposited onto a glass substrate via a proper 
method such as sputtering or thermal evaporation. In alternative embodiments, the 
electrode materials may comprise ITO, gold, and aluminum. However, it should be noted 
that the use of other metals, conductive oxide, or conducting polymers as electrode 
material also fall within the scope of embodiments of the present invention. The ITO/glass 
substrates are baked at high temperature (100°C in a preferred embodiment) for several 
hours before they are used. 

In preferred embodiments, the ITO/glass substrates are then pre-sealed using epoxy, 
forming an empty void or cell between the ITO/glass substrates. By creating a vacuum 
within the empty cell, the polymer solution is then forced into the cell by air pressure from 
the atmosphere. A similar approach may be adopted to fabricate SLEDs, GLEDs, and 
LLEDs. 

In alternative embodiments, several drops of polymer solution are deposited on top 
of a pre-cleaned ITO/glass substrate. The thickness of the polymer solution layer is 
controlled by embedding glass beads, ranging from 1-2 (im, within the polymer solution. 
However, in alternative embodiments, other spacing devices or protrusions formed in one 
or both of the electrodes may also be used to achieve the requisite spacing. Another pre- 
cleaned ITO/glass or Al/glass substrate is then placed on top of the first ITO/glass substrate 
with the two electrodes facing each other, with the polymer solution situated between the 
two substrates. These two substrates are pushed against each other by the application of an 
external force, resulting in the simultaneous ejection of the extra polymer solution from the 
sides of the SLED. On drying, this extra polymer solution forms a seal, which prevents 
solvent vaporization from the sandwich structure. 

The SLED processing described above is advantageous in its simplicity, its large 
area processing capability, and its pin-hole free nature. The SLED is also a self- 
encapsulated device since it does not require a capping layer; the top ITO/glass plate serves 
as the device capping layer. Furthermore, due to the use of dual ITO/glass substrates, the 
SLED can be a highly transparent device. In alternative embodiments of the present 
invention illustrated in FIG. 12, a multi-color display 42 comprised of three vertically 
stacked, transparent, red-green-blue SLEDs 10 with high-contrast can be achieved within a 
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small surface area without the need for separate horizontally arranged red, green, and blue 
LEDs. 

In addition to the multi-color display 42 comprised of three vertically stacked red, 
green, and blue SLEDs 10 described in FIG. 12 above, in alternative embodiments of the 
present invention illustrated in FIG. 13, a SLED multicolor display 44 can also be achieved 
through traditional two dimensional red-green-blue pattern of individual pixels. Due to the 
flow characteristics of the polymer solution 12, it is necessary to confine the polymer 
solution 12 within a closed cell. In preferred embodiments, this confining is achieved 
through a patterned polymer (or other material) partition mask 46. In alternative 
embodiments, this partition mask can be fabricated using photolithographic technology, a 
stamping technique, or the like. In preferred embodiments, the polymer (or other organic 
and inorganic compound) solutions 12 can be deposited using inkjet printing. Column 
anodes 62 oriented in one direction are attached to a glass substrate (not shown in FIG. 
13), and ITO row electrodes 48 oriented in another direction are also attached to a glass 
substrate 14. The column anodes 62 and ITO row electrodes 48 sandwich the partition 
mask 46 containing the red, green, and blue polymer solutions 12. By applying a voltage 
across a particular column anode 62 and ITO row electrode 48, the SLED at the 
intersection of the FIG. 14 column anode 62 and ITO row electrode 48 will produce 
luminescence. This type of display is known as a passive matrix display. FIG. 14 
illustrates a side view of the SLED multicolor display 44 and the sandwiching effect of the 
column anodes 62 and ITO row electrodes 48 about the red, green, and blue color polymer 
solutions 12 according to an embodiment of the present invention. 

In addition to the passive matrix display described above, an active matrix driving 
scheme using transistors can be applied to displays made of SLEDs, GLEDs, and LLEDs. 
A transistor is a three terminal device consisting of a source, a drain, and a gate. In an 
active matrix display, the gate and source electrodes of thin film transistors or regular 
transistors are fabricated in a matrix on a first substrate. A second substrate is then placed 
in proximity to the first substrate. An electrode fabricated on the second substrate behaves 
as the drain electrode. A polymer solution layer is then sandwiched between the source 
and drain and the light-emitting device is switched on and off by the gate electrode. The 
advantage of using transistors to drive the display panel is that it does not require the 
fundamental light-emitting element to possess diode behavior. 
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Embodiments of the present invention can be applied to a wide variety of devices 
and systems. Examples include, but are not limited to, using SLEDs to form solid or 
flexible light sources for different environments such as the surface of a watch, or 
integrating SLEDs into the top surface of a reflective liquid crystal display for use as the 
5 illuminating light source. SLEDs can also be used to create a "smart window " which is 
transparent in bright light, but becomes a light source in low light. SLEDs can also form 
emissive displays, either monochrome or multicolor, when pixelated into multiple 
individual pixels. In addition to light-emitting devices, SLEDs can also be used as 
electronic devices. Examples include, but are not limited to, transistors, photo sensors, 

10 and x-ray sensors. 

Therefore, embodiments of the present invention provide a device and method for 
generating luminescence emissions from polymer solutions, gels, and liquids in a compact 
cell configuration that is simple, low cost, and time-efficient. Polymer solutions according 
to embodiments of the present invention have a higher intrinsic florescence efficiency and 

15 higher quantum efficiency than sold polymer material, which results in power savings. 
Polymer solutions can be applied into SLEDs over a large area with high reliability and 
reduced likelihood of pin-hole formation. Furthermore, SLEDs can be fabricated as self- 
encapsulated devices that do not require a capping layer capable of being edge-sealed by 
the drying of excess polymer solution. 

20 SLEDs according to embodiments of the present invention can be fabricated as 

transparent devices that can be vertically stacked to produce reduced surface area multi- 
color displays and high resolution display devices. SLEDs also afford several advantages 
over conventional LCDs. SLEDs are self-illuminating as compared to liquid crystal 
displays (LCDs), and the fabrication process of SLEDs is similar enough to that of LCDs 

25 that manufacturing facilities currently making LCDs can easily be converted into state-of- 
the-art SLED manufacturing facilities. 
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What is claimed is : 

1. A semiconductor device for producing an indicator in response to a stimulus, 
the semiconductor device comprising: 

a substrate for supporting the semiconductor device; 

at least one first electrode supported by the substrate; 

at least one second electrode supported by the substrate for introducing 
current flow between the at least one first electrode and the at least one second electrode; 
and 

at least one polymer solution layer supported between the at least one first 
electrode and the at least one second electrode for generating an indicator produced by the 
semiconductor device in response to the stimulus. 

2. A device as recited in claim 1, the at least one polymer solution layer 
comprising semiconducting material for encouraging current flow between the at least one 
first electrode and the at least one second electrode in response to the stimulus of a voltage 
applied across the at least one first electrode and the at least one second electrode. 

3. A device as recited in claim 2, the at least one polymer solution layer 
comprising poly (phenylene vinylene) (PPV) derivatives prepared in concentrations ranging 
from approximately 0.1 wt % to approximately 20 wt %. 

4. A device as recited in claim 2, the at least one polymer solution layer 
comprising polyfluorene (PF) derivatives prepared in concentrations ranging from 
approximately 0.1 wt % to approximately 20 wt %. 

5. A device as recited in claim 2, the at least one polymer solution layer 
comprising a blend of polymer solutions. 

6. A device as recited in claim 5, one polymer solution in the blend of polymer 
solutions comprising a liquid crystal compound. 
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7. A device as recited in claim 2, the at least one polymer solution layer 
comprising a blend of polymer solution and organic molecules. 

8. A device as recited in claim 2 ? the at least one polymer solution layer 
comprising a polymer gel. 

9. A device as recited in claim 2, the at least one polymer solution layer 
comprising nanocrystals. 

10. A device as recited in claim 2, the at least one polymer solution layer 
comprising a liquid polymer. 

11. A device as recited in claim 2, further including at least one buffer layer of 
organic compounds, each buffer layer supported by one of the at least one first electrode 
and the at least one second electrode, the at least one polymer solution layer comprising 
polymer solution diffused into the buffer layer for stabilizing the polymer solution layer 
and preventing vaporization of the polymer solution layer. 

12. A device as recited in claim 1, the at least one first electrode and the at least 
one second electrode comprising indium tin-oxide. 

13. A device as recited in claim 2, the substrate, the at least one first electrode, 
and the at least one second electrode comprising a transparent material, the device 
comprising a plurality of polymer solution layers in a vertical stack, each polymer solution 
layer supported between a corresponding first electrode and second electrode and 
comprising a material capable of producing luminescence at a particular color. 

14. A device as recited in claim 2, the device comprising a plurality of polymer 
solution layers in a horizontal array, each polymer solution layer supported between a 
corresponding first electrode and second electrode and comprising a material capable of 
producing luminescence at a particular color. 
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15. A process for fabricating a semiconductor device capable of producing an 
indicator in response to a stimulus, the process comprising the steps of: 

supporting at least one first electrode over a substrate; 
supporting at least one polymer solution layer above each first electrode such 
5 that one polymer solution layer is in contact with each first electrode; and 

supporting at least one second electrode over each polymer solution layer. 

16. A process as recited in claim 15, further including the steps of: 
pre-sealing edges of at least one pair of first electrodes and second electrodes 

to form an empty cell between the first electrode and second electrode; 
0 creating a vacuum within the empty cell; and 

forcing polymer solution into the empty cell by external air pressure. 

17. A process as recited in claim 15, further including the steps of: 
supporting at least one buffer polymer layer on one of the at least one first 

electrode and the at least one second electrode; and 
5 diffusing polymer solution into the buffer polymer layer for stabilizing the 

polymer solution layer and preventing vaporization of the polymer solution layer and 
preventing chemical and electrochemical reactions at the at least one first electrode and the 
at least one second electrode. 
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18. A process as recited in claim 15, further including the steps of: 
supporting at least one transparent first electrode over a transparent substrate 

and supporting at least one transparent second electrode over each polymer solution layer; 
and 

supporting a plurality of polymer solution layers in a vertical stack, each 
polymer solution layer supported between a corresponding first electrode and second 
electrode and comprising a material capable of producing luminescence at a particular 
color. 

19. A process as recited in claim 15, the process further including the steps of: 
confining a plurality of polymer solution layers within closed cells using a 

partition mask; 

arranging the closed cells in a two-dimensional array; 

orienting the at least one first electrode in a first direction and orienting the 
at least one second electrode in a second direction, the first and second directions being in 
alignment with the two-dimensional array such that each polymer solution layer is 
supported between a corresponding first electrode and second electrode. 

20. A process as recited in claim 19, the process further including the steps of: 
incorporating transistors into the device by supporting a third electrode 

within each closed cell in the two-dimensional array for controlling current flow between 
the first electrode and second electrode corresponding to each closed cell. 
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21. An emissive system for presenting visual images, the emissive system 
comprising: 

a substrate for supporting the emissive system; 

at least one first electrode supported by the substrate; 

at least one second electrode supported by the substrate for introducing a 
current flow between the at least one first electrode and the at least one second electrode; 

at least one polymer solution layer supported between the at least one first 
electrode and the at least one second electrode for generating an indicator when a voltage 
stimulus is applied across the first electrode and the second electrode; and 

a voltage source for selectively applying the voltage stimulus across the at 
least one first electrode and the at least one second electrode. 

22. A system as recited in claim 21, the substrate, the at least one first electrode, 
and the at least one second electrode comprising a transparent material, the system 
comprising a regular array of light-emitting devices, each light-emitting device comprising 
three vertically stacked polymer solution layers supported between a corresponding first 
electrode and second electrode comprised of material capable of producing red, green, and 
blue luminescence, the regular array forming a multi-color light-emitting display when 
current flows through the polymer solution layers. 

23. A system as recited in claim 21, the system comprising a plurality of 
polymer solution layers in a regular array of groups, each group comprising three 
horizontally arranged polymer solution layers comprised of material capable of producing 
red, green, and blue luminescence, the regular array forming a multi-color light-emitting 
display when current flows through the polymer solution layers. 
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